The objective of this project is to utilize the reverse engineering process to scan and transform the geometry of a part of an airplane wing into a useful three-dimensional (3D) computer model platform that can be sent to either a 3D printer or Computer Numerical Control (CNC) machine and turned into an actual physical part. Also, the computer model is converted to a 3D Computer Aided Design (CAD) model in order to perform stress analysis on it and validate the reliability of the part in real world conditions. The process includes utilizing a Faro Arm laser scanner, Geomagic reverse engineering software, Stratasys 3D printer, SolidWorks simulation software, and Mastercam Computer Aided Manufacturing (CAM) software. The laser scanner and reverse engineering software create a 3D computer model of the part which is used as the basic model for the manufacturing process. In addition, the 3D printer is utilized to create a prototype of the part to ensure the manufacturability of the part early in the design phase. Furthermore, SolidWorks simulation software is used for performing stress analysis and making recommendations to improve the reliability of the part. The stress and deformation distributions data are assessed to determine how the part can properly handle the stresses when it encounters in real world circumstances. Finally, Mastercam for SolidWorks software is utilized to generate a G-code for the purpose of manufacturing the part by a CNC machine.
Introduction
The reverse engineering arm/3D scanner and 3D printer are very popular in many sectors of industry including military, NASA, healthcare, and education, according to numerous reports 1 . The Society of Manufacturing Engineering (SME) defines reverse engineering as the process of taking a finished product and reconstructing design data in a format from which new parts or molds can be produced. With the advancement in technology, today reverse engineering techniques can be utilized to scan and transform the geometry of an outdated part into a useful 3D computer model platform that can be sent to a 3D printer and turned into actual physical part. Also, it can be used to redesign a part, and inspect geometry, as well as validate measurements of the part. The reverse engineering arm/3D scanner has a wide range of applications in various industries and the Department of Defense (DoD) including production of flight simulator ejection seats 2 , creation of CAD model of engine parts, repair and maintenance of airborne vehicles 3 , and to provide the highest level of accuracy and quality in the manufacturing, particularly engine blades 4 .
Additive manufacturing, more popularly known as 3D printing, describes a group of technologies used to produce objects through the addition rather than the removal of material. It refers to a process that automatically builds objects layer-by-layer from computer data [5] [6] . Additive manufacturing/3D printing is being referred to as the next industrial revolution. Design engineers need a physical prototype to validate form, fit and function, and to get approval on design changes prior to mass manufacturing. Also, 3D printing can help bring material products to market faster. Additive manufacturing/3D printing is being applied in a diverse range of industries. Applications are found in aerospace, automotive, medical, electronics, and defense. The Air Force research laboratory has used 3D printing to fabricate the GRIN lens with an operational frequency of 12 GHz 7 . Also, 3D printing is used to fabricate an aluminum rocket engine injector to improve performance, reliability, and the affordability of the liquid propellant rocket engine 8 . The International Space Station's 3D printer has manufactured the first 3D printed object in space 9 .
In addition, the DoD tested printing drones while at sea on board the USS Essex ship 10 . Digital plans of drones were transmitted by satellite link, and fed into the 3D printer by sailors. The crew then took the printed parts and assembled them, including electronic parts already on board. Furthermore, aerospace companies turn to additive manufacturing to make lighter parts at a lower cost to reduce the weight [11] [12] .
Methodology
The process of generating a 3D computer model and converting it to a CAD model for the manufacturing process is described below. The process starts with utilizing the laser scanner efficiently and accurately for scanning the part and creating point clouds to generate a 3D computer model of the part within the Geomagic software program. Figures 1-6 show the original part, process of scanning the part, creating point clouds, and finally creating a computer model. After scanning and completing a computer model, the next step is to convert it to a CAD model. The Geomagic software has features that deliver robust 3D scan data into CAD-based design. Those features that include parametric exchange, paramedic surfaces, polygon mesh, datums and curves are utilized to align the surfaces and transfer point clouds to 3D CAD software. (S1-S2)^2 + (S2-S3)^2 + (S3-S1)^2 = 2Se^2
Where S1, S2 and S3 are the principal stresses and Se is the equivalent stress, or "Von Mises Stress."
The stress analysis indicates that the part can handle the desired amount of stress in working conditions. Additive manufacturing/ 3D printing technology is, in turn, used to create a prototype of the part in a smaller size prior to mass production of the part for design improvement. For the sake of convenience and to save the raw materials, the prototype size is reduced by 50 percent from the original size. For the aerospace industry, additive manufacturing is a viable and affordable process to manufacture complex parts that also holds the promise of helping researchers to reduce costs and weight for a variety of applications. Figures 13 and 14 show the process of printing the model in a 3D printer and the printed prototype is compared to the original part. Finally, the Mastercam for SolidWorks software is exploited to generate the G-code for machining the part by a CNC machine. Mastercam is a CAD/CAM software that allows for importing CAD data, drawing geometry, and creating automated toolpath operations so that a CNC machine can manufacture the part. The process has three steps including selecting tools and surfaces, creating toolpaths, and simulation. A ¾ Spot Drill to drill the holes, a ½ flat End Mill to create the surface curves, and a ¾ Chamfer Drill is selected to create the corner cuts. Due to some technical issues and the complexity of the part including machining the front and back of the part, a sole G-code for the entire part was not created successfully. The solution was to cut the part to two pieces and generate two G-codes for them separately. Simulation starts after specifying the type of drills needed and giving toolpath instructions. Figures 15-18 show the process of simulating and generating a G-code for the bottom of the part including toolpath that is instructed to perform machining the part. The generated G-code includes over 16000 lines that contain codes for drilling holes, cutting surfaces and curves, and chamfers. 
Project Outcome Assessment
The engineering fields have responded with the ABET engineering accreditation criteria that emphasize the need to systematically monitor, validate, and subsequently improve the learning outcomes that students receive in their course of study. Many universities use direct assessment instruments such as written exams, oral exams, embedded questions in exams, certification exams, and other instruments. Traditional teacher-constructed tests and standardized tests yield information about student knowledge and performance. Alternative forms of assessment, such as this constructive project, can be used as a capstone project to validate student outcomes. It may also be expanded to examine student development and progress in creativity, design, problem solving, trouble shooting, and approaches in handling real world projects.
In this performance assessment project, students were observed while working with complex tasks associated with a real world project. The project afforded students an opportunity to put into practice many of the competencies learned in their field of study including their ability to utilize modern tools, analyze experiments, apply experimental results to improve processes and design, and their ability to select appropriate software simulations, and interpret the results. A team of faculty members utilized a matrix rubric to validate students' competencies in the areas of technical knowledge, problem solving skills, writing, oral presentations, and team work.
Conclusion and Future Work
To improve efficiency and reliability, industries explore various methods of manufacturing to optimize production in terms of time and cost. This project focuses on the integration of reverse engineering practices, 3D printing, and CNC machines for manufacturing processes. There are several advantages of using the proposed reverse engineering method over other systems. One of the advantages is that no Sicker Targets are required for registration. Also, the Faro Arm has internal temperature compensation. This allows the Faro Arm to automatically adjust for temperature changes during the measurement process. In addition, the proposed method
